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ABSTRACT
We study the distribution of X-ray selected clusters of galaxies with respect to superclusters determined
by Abell clusters of galaxies and show that the distribution of X-ray clusters follows the supercluster-void
network determined by Abell clusters. We find that in this network X-ray clusters are more strongly
clustered than other clusters: the fraction of X-ray clusters is higher in rich superclusters, and the fraction
of isolated X-ray clusters is lower than the fraction of isolated Abell clusters. There is no clear correlation
between X-ray luminosity of clusters and their host supercluster richness. Poor, non-Abell X-ray clusters
follow the supercluster-void network as well: these clusters are embedded in superclusters determined by
rich clusters and populate filaments between them. We present a new catalog of superclusters of Abell
clusters out to a redshift of zlim = 0.13, a catalog of X-ray clusters located in superclusters determined
by Abell clusters, and a list of additional superclusters of X-ray clusters.
Subject headings: cosmology: large-scale structure of the universe – cosmology: observations – galaxies:
X-ray clusters – galaxies: clusters
1. INTRODUCTION
The formation of a filamentary web of galaxies and sys-
tems of galaxies is predicted in any physically motivated
model of structure formation in the Universe (Bond, Kof-
man and Pogosyan 1996, Katz et al. 1996). The largest
relatively isolated density enhancements in the Universe
are superclusters of galaxies. Observationally the presence
of superclusters and voids between them has been known
since long ago (de Vaucouleurs 1953, Abell 1958, Einasto,
Jo˜eveer, & Saar 1980, Zeldovich, Einasto & Shandarin 1982,
Oort 1983, Bahcall 1988). Superclusters of galaxies and
large voids between them form a supercluster-void network
of scale 100 − 120 h−1 Mpc (h is the Hubble constant in
units of 100 km s−1 Mpc−1). The supercluster-void network
evolves from density perturbations of similar wavelength
(Frisch et al. 1995). Superclusters correspond to the den-
sity maxima, and the largest voids to the density minima of
perturbations of this scale, in a density field smoothed with
a Gaussian window of dispersion ∼ 8 h−1 Mpc(Frisch et
al. 1995). The fact that superclusters are the largest phys-
ically well-defined systems in the Universe is equivalent to
the fact that they correspond to the density perturbations
of the largest relative amplitude. On these large scales the
evolution of density perturbations is slow; thus superclus-
ters and their fine details grow from density perturbations
formed in the very early Universe. In this way the geometry
of the supercluster-void network, as well as its fine struc-
ture gives us information on the physical processes in the
early Universe.
The fine structure of superclusters with their galaxy
and cluster chains and filaments, and voids in-between,
is presently quite well studied. The structure of the
supercluster-void network itself is known with much less
accuracy. Recently Einasto et al. (1994, 1997a, 1997c and
1997d, hereafter EETDA, E97a, E97c and E97d, respec-
tively) demonstrated the presence of a preferred scale of
120h−1 Mpc in the distribution of rich clusters and super-
clusters of galaxies. Although several studies have found a
maximum in the power spectra of galaxies and clusters of
galaxies at the same scale (Einasto et al. 1999a and refer-
ences therein), the shape of the power spectrum of clusters
on very large scales is not clear yet (Vogeley 1998, Miller
and Batuski 2000). The reason for this is simple: on scales
larger than ∼ 100 h−1 Mpc the observational data are less
complete. On the other hand, differences between cosmo-
logical models become significant only on these larger scales,
thus a better understanding of the real situation is of great
importance.
An independent line of evidence for the structure of the
Universe on large scales comes from the analysis of the CMB
angular spectrum (de Bernardis et al. 2000 and Hanany et
al. 2000). Fine structure of temperature fluctuations on a
degree scale has been detected; this scale corresponds to
a linear scale about 100 h−1 Mpc; thus large scale distri-
bution of matter can be studied using combined CMB and
optical data. These studies have caused increasing interest
in the studies of the clustering properties of matter on large
scales.
So far superclusters have been determined using rich clus-
ters of galaxies from the catalogs by Abell (1958) and Abell,
Corwin & Olowin (1989, hereafter ACO). Abell samples of
clusters of galaxies have been used mainly for the reason
that they form presently the largest and deepest surveys of
galaxy clusters available, containing more than 4000 clus-
ters. However, Abell clusters were found by visual inspec-
tion of Palomar Observatory Sky Survey plates and the
sample may be influenced by various selection effects. Se-
lection effects change the number of galaxies observed in
clusters, and we can consider observed catalogs of clusters
as random selections from the underlying true cluster sam-
1Tartu Observatory, EE-61602 To˜ravere, Estonia
2Astrophysical Institute Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany
3Depto. de Astronomı´a, Univ. Guanajuato, Apdo. Postal 144, Guanajuato, C.P. 36000, GTO, Mexico
1
2ple using certain probabilities which represent various se-
lection effects. The influence of these selection effects can
be studied by comparison of samples of clusters of galaxies
selected independently. One of these optically selected in-
dependent cluster samples is the catalog of clusters derived
from scans with the Automated Plate Measuring (APM)
Facility (Dalton et al. 1997). The other possibility is to
use samples of clusters selected by their hot intracluster
gas. Hot gas accumulates in high-density regions; this gas
emits X-rays and can be detected by X-ray sensitive de-
tectors installed on satellites. Resulting samples of X-ray
selected clusters of galaxies form independent samples se-
lected from the same underlying true cluster sample using
different selection criteria. In recent years several catalogs
of X-ray clusters have been published based on ROSAT X-
ray observations comprising data on several hundreds of
these objects. These new catalogs have been used to inves-
tigate the clustering properties of X-ray clusters recently.
Usually these studies analyze the correlation function on
scales up to about 100 h−1 Mpc (Romer et al. 1994, Abadi
et al. 1999, Lee and Park 1999, Moscardini et al. 1999a,
Collins et al. 2000). The clustering of the X-ray clusters
up to the same scales has been predicted theoretically by
Moscardini et al. (1999, 2000).
Another approach is to compile catalogs of superclusters
of galaxies and to study the distribution of clusters in super-
clusters. Supercluster catalogues have been used for many
purposes – to investigate the distribution of high-density
regions in the Universe, the large-scale motions in the Uni-
verse, the analysis of the Sunyaev-Zeldovich effect (the scat-
tering of the cosmic microwave background radiation by hot
gas in clusters and superclusters of galaxies) in cosmic mi-
crowave background maps. Examples of the last type of
analyses are Birkinshaw (1998), Refregier, Spergel & Her-
big (2000), Kashlinsky & Atrio-Barandela (2000). Diaferio,
Sunyaev & Nusser (2000) propose that the presence of close
large CMB decrements may help to identify superclusters
at cosmological distances.
The main goal of this series of papers is to compare the
distribution of Abell, X-ray selected and APM clusters of
galaxies and to check how well these cluster samples trace
the properties of the underlying true cluster distribution
and the supercluster-void network. We present an updated
version of the supercluster catalog based on Abell clusters,
supercluster catalogs of X-ray and APM clusters, and a list
of X-ray clusters in superclusters determined by Abell clus-
ters. We compare the distribution of Abell, X-ray and APM
clusters in different environments. The aim of this analysis
is twofold: it gives us information about the clustering prop-
erties of Abell, X-ray and APM clusters; and independent
evidence about how well different cluster samples trace the
distribution of high-density regions of the Universe. In the
first paper of the series (this Paper) we compare clustering
properties of Abell and X-ray selected clusters in superclus-
ters. In paper II we shall analyze the correlation function
of X-ray clusters and provide evidence for a characteristic
scale of 120h−1 Mpc in the distribution of X-ray clusters
(Tago et al. 2001, Paper II). A similar comparison of Abell
clusters and clusters found from the Automatic Plate Mea-
suring Machine (APM) catalog of galaxies will be made by
Einasto et al. (2001, Paper III).
The paper is organized as follows. In Section 2 we shall
describe cluster samples used and present an updated ver-
sion of the catalog of superclusters of Abell clusters. In
Section 3 we compile a list of X-ray clusters in superclus-
ters, analyze the distribution of Abell and non-Abell clus-
ters, calculate the fraction of X-ray clusters in superclusters
of different richness, and look for a relation between X-ray
luminosities of clusters with the richness of their parent su-
perclusters. In Section 4 we draw our conclusions. In the
Appendix we present an updated version of the supercluster
catalog based on Abell clusters, and a list of X-ray clusters
in superclusters and in additional systems not present in
the supercluster catalog. The catalog and both lists are also
available electronically at web pages of Tartu Observatory
(www.aai.ee). There we also demonstrate 3-D computer
models and animations of the distribution of superclusters
and X-ray clusters.
2. DATA
2.1. Abell clusters
For the present study we shall use the latest version
(March 1999) of the compilation of measured redshifts of
Abell clusters described by Andernach & Tago (1998). This
compilation contains all known Abell clusters with mea-
sured redshifts, based on redshifts of individual cluster
galaxies, and redshift estimates of the cluster according to
the formula derived by Peacock & West (1992), for both
Abell catalogs (Abell 1958 and ACO). We omitted from the
compilation all supplementary, or S-clusters, but included
clusters of richness class 0 from the main catalog. From
this general sample we selected all clusters with measured
redshifts not exceeding zlim = 0.13; beyond this limit the
fraction of clusters with measured redshifts becomes small
(selection effects in the Abell cluster sample up to redshift
zlim = 0.15 shall be studied in Paper III). If no measured
redshift was available we applied the same criterion for esti-
mated redshifts. Our sample contains 1662 clusters, 1071 of
which have measured redshifts. We consider that a cluster
has a measured redshift if at least one of its member galaxy
has a measured redshift. In cases where the cluster has less
than three galaxies with measured redshifts, and the mea-
sured and estimated redshifts differ more than a factor of
two (| log(zmeas/zest)| > 0.3), the estimated redshift was
used. In the case of superimposed clusters or component
clusters (A,B,C etc) with comparable number of measured
redshifts, we used only the cluster which better matches the
estimated redshift.
Distances to clusters have been calculated using the fol-
lowing formula (Mattig 1958):
r =
c
H0q20
q0z + (q0 − 1)(
√
1 + 2q0z − 1)
1 + z
; (1)
where c is the velocity of light; H0 – the Hubble pa-
rameter; and q0 – the deceleration parameter. We use
H0 = 100 h
−1 km s−1 Mpc−1, and q0 = 0.5.
2.2. Superclusters of Abell clusters
On the basis of the Abell cluster sample we constructed
a list of superclusters of Abell clusters using a friends-of-
friends (FoF) algorithm described in detail by EETDA and
E97c. Clusters are assigned to superclusters using a certain
neighborhood radius so that all clusters in the system have
at least one neighbor at a distance not exceeding this radius.
3Fig. 1.— Left panel: The multiplicity functions for Abell clusters. The solid line shows the fraction of isolated clusters as function of the
neighborhood radius R; the short-dashed line shows the fraction of clusters in medium-rich systems with a number of members from 2 to 31.
The dashed line shows the fraction of clusters in very rich systems with at least 32 member clusters. Right panel: Supercluster multiplicities
for a neighborhood radius R = 24 h−1 Mpc. Isolated clusters are included for comparison.
The neighborhood radius to assign clusters to superclusters
should be chosen in accordance with the spatial density of
the cluster sample. Also, we define the multiplicity of a
supercluster (supercluster richness), NCL, as the number of
its member clusters. Superclusters are divided into richness
classes as in E97c: poor superclusters (number of members
NCL = 2, 3), rich superclusters (4 ≤ NCL ≤ 7), and very
rich superclusters (NCL ≥ 8).
In Figure 1 (left panel) we show the fraction of clusters in
systems of different multiplicity for a wide range of neigh-
borhood radii for the Abell cluster sample. At small radii all
clusters are isolated. With increasing neighborhood radius
some clusters form superclusters of intermediate richness.
In Figure 1 we plot the fraction of clusters in superclus-
ters of richness 2 ≤ NCL ≤ 31. At larger radii extremely
large superclusters with multiplicity NCL ≥ 32 start to
form. By further increasing the neighborhood radius su-
perclusters begin to merge into huge conglomerates; finally
all clusters percolate and form a single system penetrating
the whole space under study. In order to obtain superclus-
ters as the largest still relatively isolated systems we must
choose a neighborhood radius smaller than the percolation
radius. The appropriate neighborhood radius is the radius
which corresponds to the maximum of the fraction of clus-
ters in systems of intermediate richness. Beyond this radius
very large systems start to form, as seen from Figure 1 (see
also EETDA and E97c). For Abell clusters the appropriate
neighborhood radius to select systems is 24 h−1 Mpc. We
shall apply the same radius to the samples of X-ray clusters
in order to determine which non-Abell X-ray clusters are
the members of superclusters of Abell clusters, as well as to
detect additional superclusters of non-Abell X-ray clusters.
For the present study we update the supercluster cata-
log and determine systems up to redshifts z = 0.13. This
larger redshift limit was used in order to include several
distant rich superclusters whose members have measured
redshifts and which also contain X-ray clusters, e.g. the
Draco-Ursa Majoris supercluster with 14 member clusters.
The new Abell supercluster catalog contains 285 superclus-
ters with at least 2 member clusters, 31 of them are very
rich superclusters with at least 8 members. The catalog
of superclusters of Abell clusters is given in the Appendix
(Table A1). In Figure 1 (right panel) we plot supercluster
multiplicities for this catalog. In the present study this su-
percluster catalog was used as a reference to look for X-ray
clusters in superclusters.
2.3. X-ray selected cluster samples
The ROSAT observations were made with the Position
Sensitive Proportional Counter during the ROSAT All-sky
Survey (RASS) in 1990 and 1991 (Tru¨mper 1993). After
that the so-called Guest Observers (GO) four-year observ-
ing program was completed.
On the basis of RASS data several catalogs of X-ray se-
lected clusters of galaxies were prepared. In the present
paper we shall use the following samples of X-ray clusters:
i) clusters from the all-sky ROSAT Bright Survey of high
Galactic latitude RASS sources. A detailed description of
the data is given in Voges et al. 1999, and the catalog of X-
ray clusters, AGNs, galaxies, small groups of galaxies and
other objects in Schwope et al. 2000. We shall refer to this
sample as RBS.
ii) ROSAT PSPC observations of the richest (R ≥ 2)
ACO clusters (David, Forman and Jones 1999, hereafter
DFJ);
iii) a flux-limited sample of bright clusters from the
Southern sky (de Grandi et al. 1999, see also Guzzo et
al. 1999);
iv) the ROSAT brightest cluster sample (Ebeling et
al. 1998, BCS) from the Northern sky.
Redshifts are available for all the clusters.
The ROSAT Bright Survey is the only available all-
4sky survey of X-ray clusters. Objects in this survey
have been selected at Galactic latitudes, |b| > 30◦, with
PSPC count rate larger than 0.2 s−1 and flux limit 2.4 ×
10−12 erg cm−2 s−1 in the hard energy band (0.5−2.0 keV).
For our analysis we selected clusters with measured red-
shifts up to z = 0.13 – the redshift limit of the catalog of
superclusters of Abell clusters (see above). Altogether, this
sample comprises 203 clusters, including 40 non-Abell clus-
ters. We shall refer to this cluster sample as the “RBSC”
sample; for cluster numbers we use RBS numbers as given
in Schwope et al. (2000).
Further, we use the list of the richest (R ≥ 2) Abell clus-
ters detected with ROSAT PSPC observations (DFJ). This
catalog contains data on the clusters of galaxies observed
during the GO phase of the ROSAT mission. The main ad-
vantage of these observations is longer exposure time (typi-
cally 10 000 seconds) than in the RASS (400 seconds). How-
ever, the sky coverage of this compilation is far less than
that of RBSC catalog since the latter clusters were found
in targeted and serendipitous observations. For the method
to calculate X-ray fluxes we refer to DFJ. Up to distances
z = 0.13 this sample contains 52 clusters. We shall denote
this sample as DFJ.
The Brightest Cluster Sample (BCS, Ebeling et al. 1998)
covers the Northern sky (δ > 0◦) at Galactic latitudes
|b| > 20◦ in the broad energy band (0.1−2.4 keV). The lower
flux limit for sample was 4.4 10−12ergs cm−2s−1. Ebeling
et al. developed the VTP (Voronoi Tessellation and Per-
colation) algorithm to determine X-ray fluxes of extended
sources of arbitrary shapes. Up to z = 0.13 this sample
contains 141 clusters, including 46 non-Abell clusters. We
shall denote this sample as BCS.
The flux-limited sample of bright clusters of galaxies from
the Southern sky by de Grandi et al. (1999) is selected
at galactic latitudes |b| > 20◦, the declination δ < 2.5◦,
and the flux limit in the hard band (0.5 − 2.0 keV) was
3 − 4 × 10−12 erg cm−2 s−1. In their study the so-called
Steepness Ratio Technique was used to determine X-ray
fluxes. Up to z = 0.13 this sample contains 101 clusters, 34
of which are non-Abell clusters.
We shall discuss the completeness and selection effects of
Abell and X-ray clusters in Paper II. In general, at distances
larger than approximately 250 h−1 Mpc the samples of X-
ray clusters are rather diluted due to the fixed flux limit;
on larger distances X-ray clusters have been used in the
present paper for lists of supercluster members only (and
not for correlation analysis in Paper II).
3. X-RAY CLUSTERS IN SUPERCLUSTERS
In this Section we compile a list of X-ray clusters that
belong to the superclusters derived from Abell clusters as
listed in Table A1. In addition, we searched for systems
consisting of non-Abell X-ray clusters and determine their
location with respect to the supercluster-void network. We
also calculate the fraction of X-ray clusters in superclusters
of various richness and investigate the possible correlation
between cluster X-ray luminosities and supercluster rich-
nesses.
3.1. A list of X-ray clusters in superclusters
In Table B1 we present a list of X-ray clusters in su-
perclusters of Abell clusters presented in Table A1. Abell
clusters from X-ray catalogs were included by comparison of
the catalogs of X-ray clusters with the supercluster catalog.
In order to include non-Abell X-ray clusters we searched
for superclusters that contain X-ray clusters in two ways.
First, we added non-Abell X-ray clusters to our Abell clus-
ter catalog and applied the FoF algorithm to this combined
catalog. Second, we applied the FoF algorithm to each cat-
alog of X-ray clusters separately. In both cases we used
the same neighborhood radius, R = 24 h−1 Mpc as in the
case of Abell clusters. The second procedure was used to
check whether X-ray clusters that are supercluster members
form systems by themselves also. Additionally, for some
superclusters this second procedure detects outlying Abell
clusters as members of superclusters that are not listed in
Table A1 (mainly due to small differences in redshift mea-
surements). In the case of X-ray clusters identified as Abell
clusters this double procedure gives us additional evidence
about the reliability of the superclusters found by optical
surveys.
Non-Abell clusters that were found to be members of su-
perclusters of Abell clusters (Table A1) were considered as
members of these systems. However, their membership has
to be checked carefully. The superclusters of Abell clusters
were defined as the largest still relatively isolated systems.
In some cases non-Abell clusters (poor clusters of galaxies)
really belong to the superclusters, but in other cases non-
Abell clusters actually form a bridge of poor clusters that
connect superclusters of Abell clusters. Therefore, the ac-
tual location of each non-Abell cluster that was connected
to some supercluster according to the FoF algorithm was
checked separately. We shall mention below the cases when
clusters formed filaments connecting superclusters, rather
than forming new members of a single supercluster.
We note that in most cases when a supercluster con-
tains more than one X-ray cluster, these X-ray clusters
themselves form a supercluster at the neighborhood radius
R = 24 h−1 Mpc. Therefore Table B1 lists superclusters
of X-ray clusters as well. Only in a few cases of very elon-
gated superclusters it happened that some X-ray members
of the system remained as separate systems so that the su-
percluster was split into smaller systems. The supercluster
number in the column 1 of Table B1 correspond to super-
cluster numbers from the catalog in Table A1.
The use of combined (X-ray and optical) data to deter-
mine X-ray clusters in superclusters was very fruitful. In
our catalog of superclusters containing X-ray clusters (Ta-
ble B1) there are 99 superclusters. Of these superclusters
53 contain only one member as an X-ray cluster. These X-
ray clusters would be isolated if we would use data on X-ray
clusters only; actually they are members of superclusters.
Such an approach could be useful in the analysis of systems
of X-ray selected AGNs, as mentioned also in Tesch and
Engels (2000).
In Table B2 we list additional superclusters that contain
non-Abell clusters. In most cases these systems are pairs
of Abell and non-Abell X-ray clusters. Most Abell clusters
in these superclusters were isolated if only Abell clusters
were used in supercluster search. We shall denote these
superclusters as SCLX + supercluster number from Table
B2.
3.2. Comments on individual superclusters
The Hercules supercluster (SCL 160) at a distance of
about 100 h−1 Mpc contains the largest number of X-ray
5Fig. 2.— The distribution of X-ray clusters (filled symbols, supercluster members) and Abell clusters (open circles) in supergalactic coor-
dinates. In order to avoid overcrowding of the figure we plot only clusters from very rich superclusters) in supergalactic coordinates. In each
panel we plot Abell clusters and X-ray clusters from one sample. X-ray samples are plotted as follows. Upper left panel: RBS sample. Here
we plot also members of additional systems (squares, Table B2), and isolated non-Abell clusters (triangles); upper right panel: DFJ sample;
lower left panel: BCS sample, and lower right panel: sample by de Grandi et al. (1999). The extent of all panels in supergalactic X coordinate
is 600 h−1 Mpc
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clusters – 14, including 7 non-Abell clusters. All of them
are probably true supercluster members.
The Shapley supercluster (SCL 124) at a distance of
about 130 h−1 Mpc contains 9 X-ray clusters, only one of
them is a non-Abell cluster. In this supercluster X-ray emis-
sion has been detected also from filaments of galaxies con-
necting individual clusters (Bardelli et al. 1998 and refer-
ences therein, Kull and Bo¨hringer 1999, Ettori et al. 1997).
The Horologium-Reticulum supercluster (SCL 48), one of
the richest superclusters in the Southern sky, is also very
rich in X-ray clusters, containing 11 X-ray clusters; only one
of them is a non-Abell cluster. We note that the number of
optically very rich X-ray clusters from the compilation by
DFJ is the largest in the last two superclusters, in the Shap-
ley and in the Horologium-Reticulum superclusters, both
containing six X-ray clusters.
The supercluster SCL 170 is very interesting. Accord-
ing to the data used in our study this supercluster contains
only one X-ray cluster – A2312. Actually this supercluster
is one of the richest in X-ray clusters – it is the North Eclip-
tic Pole (NEP) supercluster (Mullis 1999, Mullis et al. 2000)
that contains approximately 15 X-ray clusters. In the NEP
survey the X-ray flux limit was lower than in the catalogs
used in our study and thus contains fainter X-ray clusters
than those catalogs. This example shows that our list of
X-ray clusters in superclusters compiled on the basis of the
X-ray brightest cluster catalogs is preliminary, containing
the X-ray brightest supercluster members only.
6Table 1
Fraction of X-ray clusters in superclusters of different richness
Supercluster richness NA F NX−ray
NA FA NnA FnA
scl members 1256 182 68
poor (2 ≤ Ncl ≤ 3) 513 41% 47 26% 18 26%
rich (4 ≤ Ncl ≤ 7) 370 29% 59 32% 20 30%
very rich (Ncl > 8) 373 30% 76 42% 30 44%
The Pisces supercluster contains 10 X-ray clusters, 4 of
which are non-Abell clusters. However, our analysis shows
that actually these poor clusters belong to a filament that
connects the Pisces supercluster and superclusters 211 and
215.
Poor X-ray clusters connect the Coma and the Leo super-
clusters (SCL 117 and 93), the Sculptor supercluster (SCL
9) and SCL 220 (see also Paper II), SCL 126 and 136, and
SCL 212 and 297. These cases confirm that poor X-ray
clusters trace the supercluster-void network determined by
Abell clusters. X-ray clusters either belong to superclusters
themselves or they form filaments between them.
Additional superclusters of X-ray clusters from Table B2,
being located in filaments between superclusters, also trace
the supercluster-void network. Several of these systems
(SCLX 7, 9, and 12) border the Southern and Northern
Local Supervoids (EETDA). SCLX 9 contains one of the
X-ray brightest Abell clusters, A496, see above, and in ad-
dition to poor clusters this system harbors two X-ray de-
tected AGNs, RBS 550 and RBS 556. X-ray detected AGNs
from the RBS catalog connect SCLX 4 and 7 from Ta-
ble B2. This joint system contains 11 AGNs and 7 X-ray
selected clusters, including 3 Abell clusters and one QSO
(QSO 0351+026).
In EETDA we showed that isolated Abell clusters are lo-
cated close to the superclusters and do not fill in the voids
between superclusters. Our present analysis shows addi-
tionally that most of the isolated poor X-ray clusters that
do not have neighbors at R ≥ 24 h−1 Mpc are located in fil-
aments between superclusters or on the borders of Southern
and Northern Local voids.
In Figure 2 we plot the distribution of X-ray clusters
and Abell clusters that belong to very rich superclusters.
We see that the structures delineated by optical and X-ray
clusters coincide and we can see a pattern of superclusters
and voids. The supercluster-void network is more clearly
seen in three-dimensional animations from our web page,
www.aai.ee.
In this Figure we plot also clusters from additional su-
perclusters (Table B2), as well as the location of isolated
non-Abell clusters. Many of them are located near the zone
of avoidance where cluster catalogs tend to be incomplete
and superclusters cannot be determined.
3.3. Fraction of X-ray clusters in superclusters
After compiling the list of X-ray clusters in superclusters
we calculate the fractions of these clusters in superclusters
of various richness (Table 1). Superclusters are divided into
richness classes as in E97c: poor superclusters (number of
members NCL = 2, 3), rich superclusters (4 ≤ NCL ≤ 7),
and very rich superclusters (NCL ≥ 8). Additionally, we
give the fraction of isolated X-ray clusters.
Table 1 shows that the fraction of X-ray clusters in su-
perclusters increases with increasing supercluster richness.
The Kolmogorov-Smirnov test confirms that the zero hy-
pothesis (the distributions of optical and X-ray clusters in
superclusters of various richness are statistically identical)
is rejected at the 99% confidence level. In total, about one
third of all superclusters and 23 of 29 very rich superclus-
ters contain X-ray clusters. About 25% of Abell clusters
are isolated at the neighborhood radius R = 24 h−1 Mpc.
In contrast, only about 15% of X-ray clusters are isolated
at this radius.
We note that various surveys used in the present study
show a similar tendency – the increase of the fraction of X-
ray clusters with supercluster richness. However, the exact
percentages of X-ray clusters in systems of various rich-
ness are somewhat different due to the differences between
samples. For example, due to the sky coverage limits the
fraction of isolated clusters is relatively high in the BCS
sample (25% of poor clusters in this sample are isolated,
see also Paper II). Also, due to the incompleteness of X-ray
cluster catalogs at large distances these fractions should
actually be taken as lower limits: at distances larger than
R = 275 h−1 Mpc there are only five supercluster with more
than one X-ray member cluster, and over 20 superclusters
containing one X-ray cluster only. However, test calcula-
tions with smaller, statistically more complete subsample
from RBSC catalog in which clusters were selected up to
the distance R = 250 h−1 Mpc (Paper II) confirm that the
fraction of X-ray clusters in rich superclusters is higher than
in poor superclusters.
3.4. X-ray luminosities of clusters in superclusters of
different richness
In Figure 3 we plot X-ray luminosities for clusters in su-
perclusters of different richness in units of 1043 erg s−1.
X-ray luminosities are calculated differently in the various
X-ray cluster catalogs. In some catalogs the broad en-
ergy band (0.1 -2.4 keV) is used (e.g. the BCS sample),
while others are based on the hard energy band (0.5 - 2.0
7Fig. 3.— X-ray luminosities for clusters in superclusters of different richness and for isolated clusters (in units of 1043erg s−1); clusters of
the highest X-ray luminosities are indicated below in parenthesis. X-ray samples are plotted as follows: upper left panel: RBS sample (A2142,
A2029, A401); upper right panel: DFJ sample (A2142, A2029, A478); lower left panel: BCS sample (A2142, A2029, A478); lower right panel:
sample by de Grandi et al. . (A3266, A3186, A3827).
keV). Also, different methods are used to determine the
total X-ray flux of extended sources. As a result, the X-
ray luminosities for various cluster samples are not directly
comparable, particularly in the case of clusters with com-
plicated morphology. However, our aim is to see whether
cluster X-ray luminosities are correlated with host super-
cluster richness, and for that purpose we may simply plot
X-ray luminosities for each sample separately.
Figure 3 shows that some clusters of very high X-ray
luminosity are located in superclusters of low multiplicity.
Since Figure 3 does not show any other clear correlation be-
tween cluster X-ray luminosities and their host supercluster
richness we think that it is preliminary to draw quantitative
conclusions from this finding. Instead, we describe shortly
the locations and properties of the brightest X-ray clusters.
The cluster with the highest X-ray luminosity in the
Northern sky is A2142. This cluster is isolated and lo-
cated in the low-density filament of clusters connecting the
Corona Borealis and the Bootes A superclusters (SCL 158
and 150). Evidence was found for an ongoing merging of
two subclusters in this cooling flow cluster (Markevitch et
al. 2000 and references therein, and White, Jones and For-
man 1997).
The second brightest X-ray cluster in the Northern sky,
A2029, borders the Bootes void and is located in a su-
percluster with four members, SCL 154, in the filament
between the Hercules and the Corona Borealis superclus-
ters (SCL 160 and 158). Markevitch et al. (1998, hereafter
MFSV) describe this cluster as one of the most regular, well
relaxed X-ray cluster with a very strong cooling flow.
The third brightest X-ray cluster in the RBSC catalog is
A401 which forms a cluster pair with A399 (SCL 45). Both
8of these clusters contain a cD galaxy. MFSV suggest that
these clusters may be in the early stages of a collision.
Another isolated cluster of high X-ray luminosity, A478,
shows evidence for a strong cooling flow (MFSV and White,
Jones and Forman 1997). In clusters A478 and A2142
the Sunyaev-Zeldovich effect has been measured (Myers et
al. 1998).
One of the clusters of the highest X-ray luminosity in the
DFJ sample is A426, a cooling flow cluster (White, Jones
and Forman 1997) in the Perseus supercluster (SCL 40).
The brightest X-ray cluster in the sample by de Grandi
et al. (1999), A3266, is located in the outer region of the
Horologium-Reticulum supercluster (SCL 48), i.e. also in a
relatively low-density environment. MFSV and Henriksen
et al. (2000) show the possibility of a merger event in this
cluster.
The second brightest X-ray cluster in the sample by de
Grandi et al. (1999), A3186, is one of the most distant clus-
ters in our sample lying at a distance of about 350 h−1 Mpc
in an area of a low-density filament that surrounds distant
voids in the Southern sky. This cD cluster shows evidence
of a substructure and a small cooling flow (Nesci and Norci
1997). A3186 is of richness class R = 1, while all other
clusters of the highest X-ray luminosity mentioned here are
of richness class R = 2.
The third brightest cluster in de Grandi’s sam-
ple is A3827, an outlying member of the poor su-
percluster SCL 200. X-ray emission of this clus-
ter is probably dominated by its central galaxy that
shows signs of merging of other galaxies in the clus-
ter (Astronomy Picture of the Day, August 31, 1998,
http://antwrp.gsfc.nasa.gov/apod/astropix.html).
4. DISCUSSION AND CONCLUSIONS
We have studied the distribution of X-ray clusters with
respect to the supercluster-void network determined by
Abell clusters, compiled a list of X-ray clusters in super-
clusters and showed that both X-ray and optical clusters
delineate large-scale structure in a similar way. X-ray clus-
ters that do not belong to superclusters determined by Abell
clusters border the Southern and Northern Local supervoid
or are located in filaments between superclusters. X-ray
clusters are more strongly clustered than optically selected
clusters: the fraction of X-ray clusters is higher in rich and
very rich superclusters, and the fraction of isolated X-ray
clusters is lower than these fractions for optically selected
clusters. These results indicate that the structure of the
Universe is traced in a similar way by both optical and X-
ray clusters up to redshifts of z = 0.13. A similar conclusion
has been obtained by Borgani & Guzzo (2001) based on the
comparison of the REFLEX cluster surveys with the Las
Campanas galaxy redshift survey (Shectman et al. 1996).
The rather regular placement of superclusters is notice-
able in the case of both X-ray clusters and Abell clusters, es-
pecially in the Northern sky. We shall discuss the presence
of the regularity in the distribution of X-ray clusters in more
detail in Paper II. In particular, we shall present evidence
for a presence of a characteristic scale of 120h−1 Mpc in
the distribution of X-ray clusters.
EETDA demonstrated that the fraction of X-ray clus-
ters in superclusters increases with supercluster richness
(Table 4 in EETDA). This result was based on the early
catalogs of X-ray clusters containing altogether 59 X-ray
clusters in superclusters. Our present study confirms and
even strengthens this early result. The data in Table 1 show
that the fraction of X-ray clusters in the Abell cluster-based
superclusters increases with supercluster richness. In sev-
eral superclusters most members are X-ray sources. The
presence of X-ray emitting gas in a large fraction of clus-
ters shows that potential wells in clusters and superclusters
of galaxies are rather deep.
We did not detect a correlation between the X-ray lu-
minosity of clusters and their host supercluster richness,
although clusters with the highest X-ray luminosities are
located in relatively poor superclusters.
Loken et al. (1999) showed that massive cooling flow clus-
ters are located in high density regions. We find that from
26 clusters analyzed in their study 24 belong to superclus-
ters, and 12 of them to very rich superclusters. Six clusters
are members of the Hercules supercluster.
Engels et al. (1999) found indications that X-ray selected
AGNs may be a part of the supercluster-void network de-
scribed previously by Einasto and co-workers (see references
in the Introduction). Our results confirm this. A number
of AGNs from the RBS catalog are located in superclusters
of Abell clusters. Several structures seen in the distribution
of X-ray selected AGN are also seen in our sample (in the
direction of the Pisces, the Ursa Majoris and the Coma su-
perclusters), although, in general, Engels et al. study more
distant objects beyond the borders of our sample.
Boughn (1999) demonstrated the presence of X-ray emis-
sion from the Local supercluster as a possible evidence of
hot diffuse gas in superclusters. Scharf et al. (2000) found
an evidence for X-ray emission from a distant large scale fil-
ament of galaxies. In the Shapley supercluster X-ray emis-
sion has been detected in the filaments between supercluster
member clusters (Bardelli et al. 1999, Kull and Bo¨hringer
1999). This indicates that the whole central part of the
supercluster is a physical entity forming a deep potential
well.
These findings give additional evidence that superclus-
ters are not random associations of clusters but form real
physical systems – large-scale high-density regions of the
matter distribution forming extended potential wells in the
distribution of matter. Both optical and X-ray clusters are
parts of the same supercluster-void network that we see in
the distribution of Abell clusters of galaxies. Our results
suggest that optically and X-ray selected cluster samples
can be used to find large-scale high-density regions in the
Universe. Samples detected optically and in X-rays are dif-
ferent in many details, but are common in one important
aspect – both indicate the skeleton of the supercluster-void
network in a rather similar way.
Main results of our study of the clustering properties of
X-ray clusters are:
1) We present an updated catalog of superclusters of
Abell clusters and a list of X-ray clusters in superclusters.
2) Optical and X-ray clusters trace the supercluster-void
network in a similar way.
3) The fraction of X-ray clusters in superclusters increases
with the supercluster richness suggesting that superclusters
are real physical systems.
4) Cluster X-ray luminosity is not correlated with their
host supercluster richness, although the most luminous X-
ray clusters are located in relatively low density environ-
ments.
9APPENDIX A: A CATALOG OF SUPERCLUSTERS OF ABELL
CLUSTERS
Here we present a new supercluster catalog based on the
Abell cluster sample (A1) used in this paper.
The catalog of superclusters of Abell clusters is based on
a cluster sample which contains all superclusters of richness
class NCL ≥ 2. Table A1 contains the following entries: No
is the identification number. The supercluster should be re-
ferred to as “SCL nnn” with nnn being the running number
No. As mentioned in the text, an index ”c” in the first col-
umn indicates a supercluster candidate, i.e. a supercluster
that is not present in the test catalog determined by clusters
of measured redshifts only.
NCL is the number of member clusters in the superclus-
ter; αC and δC are coordinates of the center of the super-
cluster (equinox 1950.0), derived from coordinates of indi-
vidual clusters; DC is the distance of the center from us; it
follows the list of Abell clusters which are members of the
supercluster. An index ”e” after the Abell cluster number in
the column 6 shows that this cluster has only an estimated
distance. In the last column we list a commonly used name
of the supercluster, which in most cases is based on constel-
lation names. To avoid confusion, we use the same numbers
as in our previous version of the catalog (E97d); and add
new numbers (221 and above) for superclusters described
in this catalog for the first time. Superclusters are sorted
by αC .
APPENDIX B: X-RAY CLUSTERS IN SUPERCLUSTERS
In Table B1 we present data on X-ray clusters in super-
clusters, while Table B2 lists additional systems of X-ray
clusters. Columns for both tables are as follows:
(1) identification number of the supercluster in the cata-
log; subscript C means supercluster candidate;
(2) Abell numbers of all clusters in the supercluster, ac-
cording to Table A1;
(3) , (4) and (5) – center coordinates for the supercluster
(α, δ and distance to the supercluster center);
(6): Catalog numbers of X-ray clusters in the superclus-
ter. We use Abell - ACO catalog numbers for clusters iden-
tified in this catalog. Cluster numbers without subscript
are from RBSC catalog; index G means clusters from de
Grandi et al. (1999) catalog only, index D means clusters
from the DFJ catalog only, index B – clusters from the BCS
catalog only.
Double subscripts refer to non-Abell clusters. Index RR
means clusters number from RBS catalog; index BB – clus-
ter number from BCS catalog; index GG – cluster number
from the catalog by de Grandi et al. (1999).
In Table B2 clusters without subscripts refer to Abell
clusters that are not listed in the X-ray cluster catalogs
used in the present study.
(7): identification of supercluster.
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Table A1
The list of superclusters
(1) (2) (3) (4) (5) (6) (7)
No NCL αC δC DC Abell-ACO No.
h−1Mpc
2 2 0.9 16.3 316 2703 2705
1c 2 0.9 32.7 297 7 2687e
3 9 1.3 5.2 267 3 16 17 2694 2698 2700 2706 2691e 2696e Pegasus-Pisces
4 5 1.6 -19.2 271 13 2682e 2710 2719 2756e Aquarius
221c 2 2.1 -8.4 346 12 2709e
5 5 3.0 -35.8 322 2715 2721 2730 2767 2772
222 2 3.4 -41.6 249 2736 2758
223c 4 4.6 -79.4 340 2723e 2727e 2837e 4057e
6c 5 4.3 -63.1 292 2732e 2796e 2821e 4051e 4067
224 2 5.2 -65.3 339 2760e 2770e
9 25 5.7 -31.1 289 42 88 118 122 2726e 2751 2755 2759e 2778 2780 Sculptor
2798 2801 2804 2811 2814 2829 2844 2878e 3984 3998
4010 4021 4029 4068 4074e
7c 3 6.4 -53.5 303 2779e 2787e 2762
225 3 6.7 -21.9 241 50 51e 2765
10 19 7.6 -21.3 171 14 27 74 80 85 86 93 114 117 133 Pisces-Cetus
151 2660 2686 2716 2734 2800 2816 2824 4053
11 2 9.3 30.0 204 71 77
8 3 10.3 -38.1 189 2771 2799 2865
13 2 10.6 21.3 289 84 98
12c 4 11.2 -87.7 293 2757e 3037e 3299e 3650e
14 5 11.7 -1.6 331 94e 95 101 105e 112e
17 3 12.3 -7.2 283 89 108 121
226c 3 12.3 -11.3 334 91 106e 128e
15c 3 12.5 -16.6 269 99e 107e 123
16 4 12.7 -64.2 204 2810e 2819 2859 2864
18 6 13.5 -48.0 81 2731 2806 2836 2870 2877 2896 Phoenix
19 3 13.6 0.2 192 102 116 134
20c 3 14.4 -30.9 284 2847 2850 2851e
21 3 15.6 -48.9 183 2841 2854 2889
22 6 16.8 -37.5 325 2823e 2856 2871 2883e 2892e 2909e
24 7 16.9 7.7 127 76 119 147 160 168 193 195 Pisces
227c 2 18.2 14.8 348 152e 175
23 2 18.4 -38.5 216 2860 2911
25 2 18.9 37.0 214 161 174
228 5 19.2 3.9 344 153 162 172 192 203
26c 7 19.6 -18.5 314 2866e 199e 197e 187e 185e 166 183
27 2 20.4 -9.7 284 186 190
28 2 22.3 -27.6 238 2915 2924
29 3 23.0 16.9 306 200 201 247e
30 8 23.0 17.5 188 150 154 158 171 225 257 292 311 Pisces-Aries
31 4 24.2 -6.6 313 216 217 229 243
229 3 25.2 -10.4 351 226 228 259
32 2 25.5 6.5 213 245 246
33c 2 27.6 -78.6 305 2953e 2957e
34 6 27.7 -1.9 261 256 266 267e 268e 271e 277
230c 2 28.2 -21.0 343 2942 2966e
36 2 28.7 33.5 249 272 278
231 6 29.9 -5.0 349 265 274 281 287e 308e 336e
232c 9 30.5 -28.3 334 2944e 2961e 2967e 2968e 2971e 2972e 2979e 2981e 2983
37 5 34.0 -40.1 296 2960 2984 3006 3013 3033
39c 2 34.4 -7.5 307 326e 351e
233 6 36.2 -50.6 333 2987e 2988 3002e 3030e 3038 3065
40 3 37.8 40.7 53 262 347 426 Perseus
234 2 38.1 9.4 334 363 364
42c 2 41.5 -27.3 275 3052e 3054e
41c 2 41.4 -46.0 265 3059e 3047
235c 2 41.9 -47.9 348 3055e 3060e
43 3 42.1 -25.6 314 389 3044e 3070
236c 3 42.5 4.8 340 382e 392e 393e
44 2 43.1 36.8 137 376 407
45 2 44.2 13.7 208 399 401
46 2 46.5 -11.4 231 415 420
48 35 49.9 -46.7 194 3004 3009 3045 3074 3077 3078 3089 3093 3098 3100 Horologium-Reticulum
3104 3106 3108 3109 3110 3111 3112 3116 3120 3122
3123 3125 3128 3133 3135 3142 3145 3154e 3158 3161e
3164 3195 3202 3225 3266
50 8 50.6 -70.2 319 3080e 3143e 3155e 3117e 3119e 3121e 3136 3186
237c 3 50.9 -44.4 348 3107 3130e 3132e
49 7 51.8 -25.9 184 419 428 3094 3095 3151 3188 3223
52 2 54.8 -25.8 292 458 3141
53 16 56.4 -31.8 293 3146 3148e 3118e 3152e 3153e 3159e 3166e 3169e 3171e 3173e Fornax-Er anus
3182e 3183e 3197e 3192 3194 3205e
238c 5 57.3 -18.5 333 459e 473e 3137e 3175e 3196e
55c 2 58.5 -78.5 318 3206e 3220e
56c 3 61.5 -63.4 270 3191e 3241e 3242e
239c 3 62.3 -46.1 335 3204e 3247e 3234
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Table A1
...continued
(1) (2) (3) (4) (5) (6) (7)
No NCL αC δC DC Abell-ACO No.
h−1Mpc
58 2 68.6 75.0 225 449 527
59 12 70.4 -33.6 295 3253e 3265e 3268e 3273e 3275e 3285e 3289e 3269 3295 3297 Caelum
3307e 3325e
240c 2 71.0 -17.9 326 512e 3288e
60 3 71.6 -20.4 203 500 514 524
61 2 73.0 4.1 235 509 526
62 5 74.2 8.5 297 515e 523 525e 529 532
63c 2 76.1 -50.6 315 3303e 3331e
64 2 80.0 -28.6 173 3323 3354
65 5 83.1 -41.3 224 3332 3336 3351e 3360 3379e
241c 3 83.5 -46.7 345 3349e 3359e 3363e
66 4 86.3 -21.4 264 550 3358 3365 3368
67 6 88.0 -28.2 114 548 3341 3367 3374 3381 3390
68 4 90.0 -51.4 154 3338 3380 3391 3395
69c 2 96.6 -50.9 272 3385e 3403e
70c 2 98.3 -53.1 207 3397e 3404e
71 5 100.9 69.4 308 554e 557e 561e 562 565
72 2 103.4 69.8 218 559 564
73 2 105.8 -49.1 117 3407 3408
74c 3 113.2 42.1 321 580e 585e 591
242 2 119.3 68.7 325 588 618
243c 2 120.4 80.7 337 575e 625e
244 2 120.5 62.5 334 604 608
75 2 121.3 34.9 226 612 628
245 2 127.3 15.2 249 658 689
246c 5 127.6 45.2 341 626e 655 681e 685e 691e
247c 2 129.1 51.1 345 678e 682e
248c 2 130.3 30.5 329 683e 705e
76 4 131.2 28.4 241 690 692 699 722
77 2 132.3 31.6 191 695 726
249 2 134.5 38.8 264 724 727
250c 3 136.7 48.5 339 716e 755e 756
79 3 137.6 4.3 326 745 769 774e
78 3 139.7 -9.3 151 754 780 838
81c 2 145.7 -25.2 167 3420 3429e
251 2 146.3 5.6 247 858 878
252c 4 146.8 1.8 335 869 867e 884e 892e
82 4 151.3 -0.1 262 912 919 933 954
83c 3 151.9 5.6 283 921e 941 949e
84c 2 152.1 -33.7 212 3432e 3443e
85c 2 152.8 19.3 310 942e 952e
86c 2 153.6 18.4 249 938e 991
87 3 153.9 65.1 324 871e 975 1014
88 5 155.5 -8.1 158 970 978 979 993 1069 Sextans
253c 2 155.9 9.2 336 989e 1022e
254 3 157.8 34.3 340 961 1033 1099e
255c 3 158.2 -8.8 338 1041e 1075e 1023
89c 2 158.4 38.6 301 1021e 1067
256c 6 158.9 42.4 340 967e 1028e 1050 1048e 1056e 1135e
257 14 161.5 75.6 337 718e 786 809 818 848 948 1029 1123 1150 1297 Draco-Ursa Majoris
1301 1381 1484 1536
258 3 162.3 9.3 244 1105 1113 1119
259c 3 162.3 17.7 351 1108e 1109e 1114e
91 9 162.7 2.9 209 1024 1032 1066 1078 1080 1149 1171 1205 1238 Leo-Sextans
90 3 163.5 17.4 248 1085e 1126 1168
94 2 165.3 25.5 133 1100 1213
93 10 165.8 22.8 95 999 1016 1139 1142 1177 1185 1228 1257 1267 1314 Leo
95 5 167.4 39.2 212 1155 1173 1187 1190 1203
260c 3 168.0 48.8 339 1143 1202e 1231e
96c 3 168.5 -32.7 299 3466e 3476e 3482e
97 2 170.1 47.2 310 1222 1227
261c 5 170.7 34.4 348 1197e 1226e 1245e 1266e 1305e
262 2 171.8 18.5 349 1264 1278
98 3 172.1 -4.6 162 1216 1308 1334
263c 2 173.0 -8.1 347 1295e 1323e
100 9 173.2 -3.0 279 1189e 1200 1214 1296e 1364 1386 1389e 1399 1404 Leo A
99 2 173.4 53.1 221 1218 1400
105 4 173.7 -11.5 277 1285 1309 1332 1375e
264c 4 173.6 43.4 350 1250e 1298e 1340e 1363e
102 2 174.0 -12.4 210 1317 1344
103 2 174.0 33.5 170 1275 1365
101 2 174.4 74.1 230 1186 1412
104c 2 174.8 -27.0 275 1347 3488e
106 2 175.2 6.2 270 1346 1362
107 8 175.9 9.9 310 1341 1342 1345 1354 1356 1372 1379e 1435e Leo-Virgo
108c 2 176.4 16.4 302 1338e 1408
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Table A1
...continued
(1) (2) (3) (4) (5) (6) (7)
No NCL αC δC DC Abell-ACO No.
h−1Mpc
109 8 177.1 55.0 170 1270 1291 1318 1377 1383 1436 1452 1507 Ursa Majoris
265 2 177.3 -1.7 350 1373 1419e
266 5 179.5 -33.0 191 3490 3492e 3497 3500e 3509
111 15 180.3 9.3 230 1262 1307 1337 1358 1385 1390 1424 1459 1474 1516 Virgo-Coma
1526 1527 1541 1552 1564
110 2 180.9 31.7 211 1423 1480
267c 4 181.0 16.3 341 1414e 1442e 1481e 1503e
268c 3 181.1 -7.8 341 1434e 1448 1502e
112c 3 181.3 -33.2 281 3494e 3504e 3508e
113c 2 181.6 -27.7 226 3501e 3507e
114 16 182.0 64.3 303 1289 1302 1322 1366 1402 1406 1421 1432 1446 1477 Draco
1518 1559 1566 1621 1646 1674
116 3 182.8 71.8 295 1382 1467 1597
115c 6 182.8 -28.5 313 3495e 3498e 3506e 3510e 3514e 3516e
269c 4 182.8 30.2 348 1427e 1486e 1543e
270c 2 183.8 6.7 340 1491e 1523e
117 2 185.3 24.1 64 1367 1656 Coma
118c 4 186.2 -15.2 269 1520e 1521 1535e 1585e
119c 6 188.9 -15.5 338 1555e 1558e 1572e 1573e 1584 1603e
271 2 189.3 17.2 2076 1569 1589
120 2 192.9 72.7 207 1500 1741
121c 4 193.3 -19.4 298 1605e 3529e 3534e 3539e
122 2 194.4 18.7 179 1638 1668
123c 2 195.5 51.3 304 1666 1673e
127 5 195.5 -30.8 212 1648 3524 3531 3549 3557
272c 2 195.7 -23.9 352 1664 1671e
126 7 195.8 -2.5 236 1620 1650 1651 1658 1663 1692 1750
124 3 195.7 -18.5 141 1631 1644 1709
125 2 195.9 9.0 250 1662 1684
129c 2 197.6 -32.5 256 3545 3546e
128 6 197.9 -33.0 39 1060 3526 3537 3565 3574 3581 Hydra-Centaurus
273c 2 198.1 38.0 330 1680e 1723e
130c 2 198.6 -22.6 294 1699e 3550e
131 4 198.8 60.0 331 1640 1701 1738 1764
274 2 219.8 38.1 202 1691 1715
124 28 200.5 -32.1 133 1631 1644 1709 1736 3528 3530 3532 3542 3548e 3552 Shapley
3553 3554 3555 3556 3558 3559 3560 3561e 3562 3563
3564 3566 3570 3571 3572 3575 3577 3578
133 2 204.5 57.0 199 1767 1783
132c 2 204.6 -13.0 317 1768e 1772e
134c 2 204.9 -36.5 246 3567e 3569e
136 4 206.2 3.6 219 1773 1780 1784 1809
275c 2 206.2 -11.9 249 1778e 1796
276c 2 207.5 25.5 342 1797e 1818e
137c 3 208.4 -26.6 231 1794e 1802e 1846e
277c 2 208.9 9.6 347 1808e 1844e
138 12 209.8 25.3 193 1775 1781 1795 1800 1825 1827 1828 1831 1861 1873 Bootes
1898 1927
139c 2 211.0 -24.6 316 1857e 3580e
141 4 212.2 -14.5 200 1836 1837 1876 3597e
140c 2 212.2 -21.7 273 3583e 3584e
278c 2 212.7 6.3 341 1870e 1881e
142 2 213.8 41.6 248 1885 1901
143 2 215.5 16.8 153 1899 1913
279c 2 215.6 26.7 340 1903e 1912e
144c 2 216.2 -22.1 254 3596 3599e
145c 2 218.0 -21.3 307 1924 1935e
146c 2 218.2 -30.4 176 3603 3605e
280c 2 218.2 47.4 350 1932e 1948e
147 4 220.6 54.9 286 1925 1962 1999 2000
148c 2 221.8 -31.2 230 3608e 3613e
149c 2 222.8 -24.8 297 1977e 1981e
281 3 223.2 27.6 341 1984 1990 2005
150 11 223.3 20.9 316 1960 1972 1976 1980 1986 1988 1997e 2001 2006 2017 Bootes A
2036
151c 3 223.8 -27.7 258 1996e 3612e 3614e
152 2 224.0 29.2 161 1982 2022
153 2 227.1 -0.5 252 2026 2030
154 4 228.0 4.8 221 2028 2029 2033 2066
156c 2 228.7 -11.3 303 2031e 2057e
155 2 228.8 -0.2 318 2050 2053
157 8 229.7 31.1 310 2034 2046e 2049 2056 2062 2069 2083 2110
158 8 230.8 29.7 206 2019 2061 2065 2067 2079 2089 2092 2124 Corona Borealis
282c 3 232.9 62.1 340 2074e 2090e 2137e
283c 2 233.6 3.7 318 2082e 2113e
284c 2 234.9 10.6 335 2101e 2119e
159c 2 235.6 -2.9 285 2103e 2128
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Table A1
...continued
(1) (2) (3) (4) (5) (6) (7)
No NCL αC δC DC Abell-ACO No.
h−1Mpc
160 12 236.2 18.4 105 2040 2052 2055 2063 2107 2147 2148 2151 2152 2162 Hercules
2197 2199
161c 2 241.8 15.2 281 2153e 2159
162 5 242.9 52.8 180 2149 2168 2169 2184 2194
285c 3 246.0 27.4 348 2165 2186e 2217e
286c 2 246.4 71.3 346 2171 2236e
163c 3 247.4 -83.5 226 3624e 3626e 3629
164 5 247.6 27.8 273 2175 2178 2200 2223 2228
165c 2 249.6 -75.9 263 3628e 3630e
166c 2 251.3 53.9 309 2220 2242e
167 2 255.9 33.7 234 2245 2249
168 5 261.1 77.7 169 2248 2256 2271 2296 2309
169c 3 267.6 53.2 326 2284e 2286e 2292
287c 2 269.3 42.4 327 2285e 2297e
288c 5 272.8 73.8 339 2290e 2300e 2305e 2306 2310e
170 7 276.9 69.6 246 2295 2301 2304 2308 2311 2312 2315
171c 2 290.9 -87.8 322 3625e 3763e
172 3 303.2 -56.1 169 3651 3667 3685
173c 2 307.5 -25.6 244 2325e 3686
289c 2 307.7 -38.7 325 3676e 3699e
174 10 308.2 -35.0 255 3677 3681e 3682 3690e 3691 3693 3694 3695 3696 3705 Microscopium
176c 2 309.5 -32.7 299 3700e 3704e
177 2 309.5 -62.1 212 3687 3703
178c 4 310.5 -80.7 253 3644e 3684e 3728e 3741e
175 4 311.3 -39.3 68 3656 3698 3742 3747
180 3 314.4 -30.6 113 3706 3733 3744
179 2 314.5 -20.5 312 2330 2333
181c 5 318.5 -26.6 271 2338e 3734e 3752e 3753e 3758
183 2 319.2 -45.2 270 3754 3757
182 6 320.3 -43.3 202 3749 3751 3755 3756 3772 3809
290c 2 321.4 -5.4 328 2343e 2350e
185 c 4 321.7 -12.1 328 2340e 2345 2348e 2351e
186 2 322.7 -13.7 254 2346 2354
184 6 322.8 -22.3 323 2339 2347 2357 2371e 3770e 3778
187 4 324.1 0.4 327 2353 2355 2356 2379e
291c 2 325.6 -7.5 346 2367e 2374e
188 8 327.2 -12.9 168 2361 2362 2366 2372 2382 2399 2401 2415 Aquarius-Cetus
189 4 327.9 -19.7 230 2370e 2378 2394 2412 Aquarius-Capricornus
190 5 328.4 -30.6 252 3795 3812 3813 3832 3837
292 2 328.7 -18.4 263 2384 2405
191 3 329.7 7.8 289 2398 2407 2414
192 8 329.6 -55.4 211 3771 3785 3806 3822 3825 3849 3867e 3886
193 8 330.5 -9.8 236 2376 2377 2400 2402 2410 2420 2428 2448 Aquarius B
194 3 331.2 -55.3 111 3816 3826 3869
195c 2 332.7 -10.3 284 2421e 2426
196 2 335.1 -1.9 256 2436 2440
293 3 335.4 14.3 335 2433 2437 2449
294c 2 336.5 -5.6 351 2442e 2446e
197 11 337.9 -49.7 274 3836 3850e 3862 3864 3877 3883 3908 3910 3911 3915e Grus
3922
199 3 339.2 -34.2 174 3880 3895 3912
200 3 341.4 -62.9 268 3898e 3907 3921
202 5 343.4 17.5 232 2458 2479 2516 2524 2564
295 2 343.9 -60.1 318 3906 3966e
296c 7 345.1 -14.0 336 2485e 2496 2504e 2519e 2544e 2549e 2563e
206 4 345.9 -44.5 345 3952e 3969 3970 3972
205 19 346.1 -20.2 237 2456 2459 2462 2480 2492 2500 2502e 2523e 2528 2538 Aquarius
2539e 2541 2556 2566 2586 2596e 2599 2600e 2605e
297c 2 346.7 -73.5 290 3932e 3986e
207 4 346.9 -13.9 300 2529 2533 2543 2559
209 7 348.1 -21.1 308 2546 2548 2554 3964e 2579 2583 3985
298 2 350.4 28.0 334 2584 2598e
210 6 350.4 -10.6 226 2511 2525 2569 2597 2638 2670
299 6 351.0 -24.9 341 2565 2577 2585e 2609e 4009e
211 4 351.5 15.3 121 2572 2589 2593 2657
212c 3 353.3 -69.1 285 3982 4007e 4066e
213 6 353.6 21.9 184 2618 2622 2625 2626 2630 2637
214 3 354.1 22.4 276 2619 2640 2649
300c 4 354.6 24.6 340 2627 2647e 2650e 2651e
215 2 355.5 27.4 88 2634 2666
216 2 357.1 -27.9 85 4038 4049
220 3 357.1 -36.4 147 2717 4008 4059
217 2 357.9 6.4 166 2665 2676
218 2 358.4 11.9 205 2675 2678
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Table B1
The list of X-ray clusters in superclusters
(1) (2) (3) (4) (5) (6) (7)
No NCL αC δC DC Cluster No.
h−1Mpc
1c 2 0.9 32.7 297 7B
3 9 1.3 5.2 267 2700 Pegasus-Pisces
4 5 1.6 -19.2 271 13 Aquarius
5 5 3.0 -35.8 322 2721
9 25 5.7 -31.1 289 42G 2811 2829 11GG Sculptor
2016RR 1959RR
10 19 7.6 -21.3 171 85 2734 133 151 Pisces-Cetus
181RR
11 2 9.3 30.0 204 77
13 2 10.6 21.3 289 84
18 6 13.5 -48.0 81 2877G 28GG Phoenix
22 6 16.8 -37.5 325 2871
24 7 16.9 7.7 127 76B 119 147G 160B Pisces
168G 193 23GG 1BB
13BB 194BB
228 5 19.2 3.9 344 192D
30 8 23.0 17.5 188 292 Pisces-Aries
36 2 28.7 33.5 249 272B
40 3 37.8 40.7 53 262B 189B 14BB 18BB Perseus
19BB 426D
43 3 42.1 -25.6 314 389
44 2 43.1 36.8 137 376B 407B
45 2 44.2 13.7 208 399 401
48 35 49.9 -46.7 194 3104 3112 3122 3128 Horologium-Reticulum
3158 3266 459RR 3093D
3112D 3128D 3135D
49 7 51.8 -25.9 184 3223D
59 12 70.4 -33.6 295 3297D Caelum
50 8 50.6 -70.2 319 3186
52 2 54.8 -25.8 292 458
60 3 71.6 -20.4 203 500
61 2 73.0 4.1 235 42BB
62 5 74.2 8.5 297 523B
65 5 83.1 -41.3 224 3360D
66 4 86.3 -21.4 264 550 3358 3365 3368
67 6 88.0 -28.2 114 548G 3341 3390G 3367G Lepus
3301G 51GG 53GG 57GG
68 4 90.02 -51.4 154 3391G 3395G 61GG
243c 2 120.4 80.7 337 625D
244 2 120.5 62.5 334 51BB
246c 5 127.6 45.2 341 655B
78 3 139.7 -9.3 151 754D
257 14 161.5 75.6 337 1318D Draco-Ursa Majoris
88 5 155.5 -8.1 158 970 1069 Sextans
254 3 157.8 34.3 340 961 1033
91 9 162.7 2.9 209 1205 Leo-Sextans (Vela)
90 3 163.5 17.4 248 1126
93 10 165.8 22.8 95 1177B 1185B 1314 95BB Leo
96BB 97BB 99BB 100BB
1066RR
95 5 167.3 39.2 212 1173 1190
97 2 170.1 47.2 310 1227
101 2 174.4 74.1 230 1186D
102 2 174.0 -12.4 210 1042RR
105 4 173.7 -11.5 277 1285
109 8 177.1 55.0 170 1291 78BB Ursa Majoris
111 15 180.3 9.3 230 1307 1072RR 1092RR 98BB Virgo-Coma
99BB
110 2 180.9 31.7 211 1423
114 16 182.0 64.3 303 1302 1366 1446D 1566D Draco
117 2 185.3 24.10 64 1367 1656 1064RR Coma
271 2 189.3 17.2 2076 1589
126 7 195.8 -2.5 236 1650 1651 1663 1750
1773 1809
122 2 194.4 18.7 179 1668B
124 28 200.5 -32.1 133 1644 3528 3532 3558 Shapley
3562 1175RR 3559D 3566D
3571D
128 6 197.9 -33.0 39 1238RR 907RR 454RR 101BB Hydra-Centaurus
133 2 204.5 57.0 199 1767
136 4 206.2 3.6 219 1773 1809 110BB
138 12 209.8 25.3 193 1775 1795 1800 1831 Bootes
1927B 130BB
141 4 212.2 -14.5 200 1837
142 2 213.8 41.6 248 1885
154 4 228.0 4.8 221 2029 2033
155 2 228.8 -0.2 318 2050
157 8 229.7 31.1 310 2069 2110 2034B
158 8 230.8 29.7 206 2061 2065 Corona Borealis
160 12 236.2 18.4 105 2052 2055 2063 2107 Hercules
2147 2151 2199B 1488RR
1554RR 1654RR 1632RR 166BB
172BB 179BB
161c 2 241.8 15.2 281 1552RR
162 5 242.9 52.8 180 2149
164 5 247.6 27.8 273 2175
166c 2 251.3 53.9 309 174BB
167 2 255.9 33.7 234 2249B
168 5 261.1 77.7 169 2256
170 7 276.9 69.6 246 2312B NEP
172 3 303.2 -56.1 169 3651G 3667 3809 1719RR
75GG
174 10 308.2 -35.0 255 3693G 3694 3695 1691RR Microscopium
175 4 311.3 -39.3 68 1676RR
180 3 314.4 -30.6 113 3744
182 6 320.3 -43.3 202 3809 91GG
187 4 324.1 0.4 327 2355D 2356D
188 8 327.2 -12.9 168 2382G 2415 98GG Aquarius-Cetus
192 8 329.6 -55.4 211 3806 3822 3825 1775RR
87GG 112GG
193 8 330.5 -9.8 236 2377G 2402G 2420 2428 AquariusB
2440G 108GG
194 3 331.2 -55.3 111 114GG
195 2 332.7 -10.3 284 2426
196 2 335.1 -1.9 256 2440 108RR
197 11 337.9 -49.7 274 3836 3911 Grus
199 3 339.2 -34.2 174 3880 1831RR 1921D
200 3 341.4 -62.9 268 3921 3827G 107GG
296c 7 345.1 -14.0 336 2496
205 19 346.1 -20.2 237 2556 2566 Aquarius
210 6 350.4 -10.6 226 2597G 2670 2042RR
211 4 351.5 15.3 121 2572 2589B 2593B 2657
1929RR 1977RR 1BB 194BB
212c 3 353.3 -69.1 285 1985RR
213 6 353.6 21.9 184 2622B 2626
300c 4 354.6 24.6 340 2627
215 2 355.5 27.4 88 2634
216 2 357.1 -27.9 85 4038 77RR
220 3 357.1 -36.4 147 2717 4059 7GG
217 2 357.9 6.4 166 2665
218 2 358.4 11.9 205 2675
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Table B2
The list of additional superclusters of non-Abell X-ray clusters
(1) (2) (3) (4) (5) (6)
No NCL αC δC DC Cluster No.
h−1Mpc
1 2 5.2 28.9 264 21 4BB
2 2 11.6 25.0 232 104RR 104
3 2 27.2 -4.6 117 295 23GG
4 4 32.1 2.7 59 194 400 199RR26GG
5 2 32.4 31.3 103 260 25BB
6 2 34.8 -27.6 169 2992 317RR
7 3 51.4 14.2 93 397 456RR461RR
8 2 55.6 -54.4 127 3144 485RR
9 3 68.8 -12.1 104 496 44GG540RR
10 2 94.7 -64.8 73 3389 62GG
11 2 114.0 52.8 186 595 44BB
12 5 114.9 54.3 81 569 576 634 47BB
48BB
13 2 215.1 48.5 201 1904 1380RR
14 2 222.9 22.3 271 2021 130BB
15 2 305.9 -20.2 160 2324 76GG
16 2 315.5 -52.2 136 3716 1719RR
17 2 327.4 -44.6 173 3809 91GG
18 2 350.9 -40.5 161 4008 122GG
19 2 356.1 -3.8 221 2656 2042RR
